Many researchers have been studying coconut fibers due to its being a natural and renewable source. Moreover, coconut waste is discarded in landfills, bringing environmental problems because this material, although natural, takes time to be degraded. The use of natural fibers such as coconut fibers has become industrially attractive because of its low cost, high availability and desired mechanical properties for some applications, such as panels, ceilings, and partition boards and automotive components. In this study, polymers with coconut fiber composites were made by injection processing and mechanically characterized by tensile and dynamic testing. The fiber content ranged from 0 to 30wt%. The results of Young's modulus obtained from both methods decreased with fiber load and were nearly identical up to 15wt% of fiber, about 1.1GPa, but the increase in fiber concentrations distinctly interferes with each method in the values obtained.
Introduction
Natural fibers composites present some advantages over other composites like low-cost and malleability 1 . Monteiro et al. 2, 3 observed that the coconut fibers do not contribute to enhance the mechanical properties of composite based on these fibers. However, the mechanical strength of these materials is high enough to be used in nonstructural elements, such as fence panels and linings. These advantages are sufficient and necessary for construction industries such as panels, ceilings 4 , and partition boards and automotive components 5 . Moreover, some applications involve static or dynamic mechanical stress, which is required to characterize some of these properties, such as modulus, damping factor, among others related to viscoelasticity of materials.
Viscoelastic materials are a class of material that presents viscoelastic rheology, or in other words, which undergoes simultaneously elastic and viscous deformation 6 . Thus, viscoelastic materials present intermediate behavior between pure elastic and plastic deformations, and when harmonic mechanical deformation is applied, neither strain and stress are in phase (as in elastic behavior) nor are phases shifted by 90° (as a perfect viscous solution), but are among these values 7 . Furthermore, when viscoelastic materials are deformed not all energy in this process will be converted into deformation; some of this energy is used to overcome the internal friction of the material. According to Zener and Siegel 8 , the internal friction is the generic denomination for the energy dissipation effects, which are generated due to the inhomogeneity material. This energy is converted into heat and for high values of deformation some energy could be stored in the material.
In literature, there are many methods to determine the dynamic properties of the viscoelastic materials 9 . The Power Input method is based on energy lost in the maximum deformation in a system under steady vibration. The decay answer method is based on the amplitude decay time of a system, imposed by a mass-impact or a shaker. The halfpower band method is based on the measurements of the bandwidth of the frequency between the points in the curve of frequency, taking into account that values are some fractions of the resonance of the system 10 .
Usually, the increase in the damping rate is applied to reduce the mechanical vibrations on structures. Other studies analyze the use of alternative materials with damping properties 11 . These materials applied on surface of structures presenting the same behavior attenuation of vibrations can decrease the total displacement of the system. Materials with viscoelastic properties have been used as dissipation energy elements, promoting the reduction in the vibration levels of rigid structures 12 .
The aim of this study was to characterize the viscoelastic properties of composites based on polypropylene matrix with different amounts of coconut fibers by measuring damping factor, loss factor, storage modulus, loss modulus and complex modulus based on experimental and mathematical calculations as previously described. Values of elastic modulus obtained from standard test stress-strain of composite samples were also obtained in order to compare and validate these results. The viscoelastic measurements were carried out using a laser vibrometer, which represents an excellent choice for performing non-destructive testing, that in many cases is important to maintain the integrity of the samples for further analyses.
Experimental Procedure

ASTM standard method
This method is based on E756 -American Society for Testing and Materials -ASTM, as the main method to measure the damping vibration properties of the materials 13 . A beam with predefined dimensions, fixed in one of its ends while the other is free, composes the set used in this procedure.
Half-powder band method
The half-power band method is based on the points related to the half-power to define the damping of the system. This method 14 gives estimation of the damping rate for system with damping lower than 0.05. According to Silva 15 , this method is one of the most reliable among the others to measure low damping factor systems.
The procedure is based on determining the frequencies in the points Z 1 and Z 2 (Figure 1 ) located in the answer curve, 3dB below the maximum amplitude. The bandwidth between these points is the frequency known as 'half-power band' 10 .
The points of half-power to small damping are related to the frequencies represented by Equations 1 and 2.
Where ω 1 and ω 2 are the frequencies associated to the Z 1 and Z 2 points, ζ is the damping factor and ω n is the natural frequency of the system. The values of ω are given in [rad/s], and f [Hz] is the frequency value in SI units.
The interval frequency between these points, in other words, the bandwidth is given by:
and the loss factor (η), for small damping factors, is defined as:
The logarithmic decrease (∆) can be obtained by peak half-power method, as shown in Equation 5:
According to the physical and geometric properties of the structure, associated to the concepts of mechanical vibrations 16 , the storage modulus (E') can be defined by the Equation 6:   2 2  2  3  2   4  33  1  3 140 4
Where I is the inertia momentum of the transversal section, m is the mass and L is the length of the beam.
Rao 14 defined that the damping factor of a beam is given by Equation 7:
When ∆ << 1, it means that
Rewriting as proposed by Rosen 17 :
η ≈ 2ζ, on the other hand, the loss factor can be written as
The dynamic modulus is given by Equation 9:
In Equation 9, E'η is related to the viscous energy loss in each cycle of vibration. E" is defined as loss modulus.
E' and E" can be experimentally defined. Both are excitation frequency and temperature dependents. The procedures should be conducted in a frequency interval and constant temperature, or, in a temperature interval and constant frequency. Figure 2 shows the physical aspect of the coconut fiber mat at different steps of the composites preparation. These mats were washed ten times in distilled water at 25 °C for 5 minutes each, with hand stirring to remove the natural salinity and dust present in the mat. Several coconut fiber mats (Figure 2a ) were cut out, stacked, and uniaxially pressed just to shape a coir box (Figure 2b ). After that, this coir box was placed inside a mold to perform the PP injection and produce the composite (Figure 2c ). The thermoplastic polymer polypropylene (PP), used as matrix material, was supplied by Braskem S.A. (São Paulo-Brazil) in the form of homopolymer pellets. It presents 0.90-0.91 of specific gravity, 165-171 °C to melting temperatures and 82% of crystalline phase.
Composite preparation
Composite boxes based on coconut fiber-polypropylene containing up to 30 vol% of coir fibers, as described in Table 1 , were formed by injection molding. A HAITIAN-SA2500/1000B injection machine was used so that a 105.7 MPa pressure at 175 °C was applied to inject the boxes. For all tests, specimens were cut out from the bottom of the boxes with a jigsaw and the parallelism of cut edges was obtained through sanding aided by a sandpaper 320#. This region was chosen due to the better fiber homogeneity observed in this specific portion in the box. The physical and geometrical properties of the specimens submitted to the dynamic tests are shown in Table 2 .
Stress-strain testing
Tensile tests were performed using an Instron-Model 4484, in accordance to ASTM D638-10. The displacement of the sample was measured with a 50 mm extensometer. The specimens were tested at a transversal displacement rate of 5mm/min, at room temperature. Young's modulus and the tensile strength were obtained from the typical stress-strain curves.
Dynamic tests
To determine the dynamic characteristics of the composites, free vibration tests were performed according to ASTM E756-05. Five beams of each fiber content in weight percentage (%FC) composite about 160.0 × 20.0 × 3.0 mm (L × B × H) were submitted to the action of an impulsive force applied to its free ends. Laser vibrometer ( Figure 3 ) was used to measure the displacement in time of the free end of the beam. Oscillatory movements from a pendulum with a sphere at the end were applied as impulsive force source.
The signal analyzer Stanford Research Systems, model SR780, was used to obtain and analyze the frequency spectrum from the oscillatory movements of the free end of the beam. The measurements were performed at 20 °C and relative humidity of 74%. Figure 4 shows the aspect of the beams used in dynamic test. The increase of coconut fiber content from PP pure samples to the 30%FC samples can be seen.
Results and Discussions
The natural frequency, logarithmic decrease, damping and loss factor values of the specimens are presented in Table 3 . These experimental values were used to calculate the values presented in Table 4 , as discussed in the Experimental Procedure section. Table 4 shows the storage (E'), loss (E") and complex (E) modulus obtained from Equations 6 and 9, and the Young Modulus obtained from stress-strain test (E ss ).
Comparing the values of E and E ss (Figure 5) , an equality of the values for pure PP samples, and a small difference of values in samples containing fiber addition up to 15%FC can be seen. Above 20%FC the values are more distinct, and this fact can be associated to the inhomogeneity of the fiber dispersion on the polymeric matrix that can lead to high variation in the results. Also, when the fiber contents increases in the polymeric matrix, the interaction between the fibers also increases, reducing the fiber/matrix interaction 18 , consequently reducing the reinforcement of the matrix. Furthermore, it's noticed that E and E ss values of pure PP are higher than those for PP/coconut composite. This behavior was also observed in Polyester/coconut composites 19 , associated to low interfacial strength between matrix and fiber, reducing the stress transference from the matrix to the fibers. This behavior is not observed in PP/ glass fiber composites 20 due to high adhesion that leads to low slip between matrix and fibers.
The curve presented in Figure 6 shows the behavior of loss factor as a function of coconut fiber content. The loss factor is associated to the damping characteristic of the material, and the balance between elastic and viscous phase. Performing average and standard deviation calculations in the loss factor results, it is noticed that these values are 5.4±0.4%, same values observed for polyester/coconut composites 19 at room temperature. Monteiro et al. 19 also observed this effect and the authors associated this behavior to the fact that the coconut fiber supports partially the stress and some deformation of fiber/matrix interface. In this way, the energy loss is related to the interaction between the matrix and the fibers, or, in other words, if the interface is more resistant, the energy dissipation is reduced. The storage ( Figure 7 ) and loss modulus ( Figure 8) were reduced with the increase in coconut fiber content in the composite. In general, the storage modulus is much higher than the loss modulus which leads the main influence on E calculations, according to Equation 9 . These results indicate that the coconut fiber reduces the viscoelastic stiffness of the composite. The low elastic modulus of the coconut fiber, compared to PP, is the main contribution to this behavior, as also observed by Monteiro et al. 2,3 . 
Conclusions
Dynamic test performed to the composite based on coconut fiber-polypropylene shows that the increase in fiber content reduces the Loss Factor, Storage Factor and Loss Modulus. This behavior can be attributed to lower elastic modulus of the fiber, as compared to the PP matrix.
The elastic modulus values obtained by the half-power band method and the stress-strain test were compared. Values were similar for those samples containing up to 15%vol of coconut fiber. Above that, the values were remarkably distinct due to lower interaction between the fiber/matrix, reducing the reinforcement effect on the polymer.
In this way, the Dynamic Method used in this study to measure the elastic modulus for coconut fiber-PP composites was revealed as a non-destructive method and a very reliable test. The vegetal fiber-polymer matrix composite usually presents lower mechanical strength than polymeric composite based on inorganic fibers, such as glass, carbon or aramid, but it presents much lower cost due to the natural source of these materials. These composites can be applied in nonstructural elements, such as fence panels and linings. Estado de Minas Gerais (FAPEMIG) and to Companhia Energética do Ceará (COELCE) for financial support. 
